Abstract -To improve fire safety in PV systems, Article 
PV owners selecting between these arc-fault protection methodologies must weigh the trade-off in cost, ease of identifying the fa ulty component, and quantity of power loss during the AFCI trip. Module-level protection requires the largest number of AFCI devices and therefore would likely be the most expensive [2] , but it could potentially shut-down the smallest portion of the array-allowing for the quickest identification of the fa ulty component and lowest reduction in power production. In contrast, the inverter-integrated AFCI devices are much less expensive because there is one per array and they can utilize the DC disconnect in the inverter; but once tripped, they de-energize the entire array. This makes it difficult to identify the location of the arc-fault and discontinues all power production until the fa ult location is identify and repaired. Inverter-integrated AFCIs also have the advantage of knowing the inverter noise signature (e.g., switching frequency) and, therefore, manufacturers can select detection frequencies to avoid those areas of interference. It should be noted that some AFCI systems may separate the arc fa ult detector (AFD) from the circuit interrupter, so some hybridization is possible.
For example, arc-fault detection could be performed at the string-level but de-energization performed using the inverter DC disconnect.
The benefits of low-level arc-fault detection are limiting effects of an AFCI trip on power production and improving the speed and accuracy of locating of the arc-fault. In a previous study [3] , the attenuation in PV modules between 1-100 kHz was fo und to be negligible. 
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III. CROSSTALK TESTING
To measure the effect of crosstalk in the second two-string test setup, arc-fault detectors were attached to each string and set to detect and annunciate the arc-fault event.
While the inverter was operating, a series arc-fault was generated on one of the strings by separating two copper electrodes. The test configuration is shown in Fig. 6 . The oscilloscope captured the arc voltage along with the trip signal generated by the TI arc-fault detectors at 100 kHz. The test was repeated multiple times to quantify the detection time and repeatability. The RF spectrum was also captured for the fa ulted and unfaulted strings using a Tektronix TCP303 current transformer (CT).
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Arc-Fault Detector In the test, the arc-fault was generated and the arc-fault detectors both trip due to the arc-fault noise on the two strings.
For the case in Fig. 7 , the arc-fault detector on the string with the series arc-fault tripped first. This is most likely due to slightly higher energy AC noise levels on this string. Experimental trip times for faulted and unfaulted strings in which the faulted string AFD tripped first.
AFD Trip Times for Parallel Strings
The test was repeated 12 times to identify the repeatability of the fa ulted string tripping before the unfaulted string. The results are shown in Table 1 . The fa ulted string tripped before the unfaulted string in all except one case.
The TI FFT algorithm is performed every 15 ms, so when the difference in the detection times is greater than 15 ms the fa ulted string AFD would trip off before the unfaulted string. For detection time differences less than 15 ms, it is possible that the unfaulted string could trip on the arc-fault.
In one test the arc-fault detector on the unfaulted string tripped before the fa ulted string AFD. This test is shown in Since the average difference in the trip times was 19.5 ms, the TI design will often prevent the entire array from being de energized.
While the Texas Instruments (TI) single-string AFD solution used in these tests provided some level of crosstalk effectiveness in a multistring environment, the TI algorithm supports adjustments to the detection parameters which can be used to better address crosstalk induced detection on unfaulted strings. In addition, TI expects to implement additional crosstalk mitigation fe atures for multistring applications.
Those modifications were not evaluated in this report.
The susceptibility to crosstalk nuisance tripping may decrease with larger PV systems because the arc-fault noise energy will propagate through a larger branch network. In that case, the arc-fault energy would be distributed to more strings and would be less concentrated on the parallel branches. This may be why crosstalk was not seen in the larger array in [5] . 
